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Previewsfor radial intercalation of deep cells driving
blastoderm epiboly movements. While
this suggests a permissive function of
E-cadherin turnover in facilitating radial
intercalations and epiboly movements,
E-cadherin might also have a more
instructive role in determining the orienta-
tion of radial cell intercalations. Previous
studies have suggested that a gradient
of E-cadherin expression from the outside
to the inside of the blastoderm might
trigger the movement of cells deep inside
of the blastoderm toward the outside
blastoderm surface (Figure 1). Such
directed movement of deep cells toward
the blastoderm surface would then
give rise to radial cell intercalations
preferentially oriented along the move-
ment axis (Kane et al., 2005). An alterna-
tive or additional option for orienting
radial cell intercalations might be that
the enveloping layer (EVL) cells at the
surface of the blastoderm attract deepcells to move toward the surface by, for
example, emanating chemoattractants
or allowing deep cells to strongly adhere
to them. However, neither the E-cadherin
gradient or EVL attraction hypothesis
appear to fit perfectly with the observation
that E-cadherin protein does not show
any graded distribution within the blasto-
derm (Montero et al., 2005) and that
deep cells move both toward the surface
and in the opposite direction away from
it (Song et al., 2013). Thus, perhaps the
orientation of radial intercalations is given
by forces pulling on the margin of the
blastoderm leading to an expansion and
concomitant thinning of the blastoderm
cell layer. Blastoderm thinning would
be achieved by radial intercalations of
blastoderm cells perpendicular to direc-
tion of tissue expansion, and thus the
direction of radial intercalation would be
given by the direction of the pulling forces
at the blastoderm margin. Whether suchDevelopmental Cell 2marginal pulling forces exist and whether
E-cadherin turnover might be involved
in generating these forces still needs to
be investigated.
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The role, if any, of microtubules in auxin transport is poorly understood in plant biology. In this issue of
Developmental Cell, Ambrose et al. (2013) show that the microtubule binding protein CLASP regulates
PIN2 auxin transporter trafficking and stability via Sorting Nexin1, a component of the retromer complex.Auxin signaling, the regulation of micro-
tubule dynamics and organization, and
endosomal trafficking have long been
a focus of plant cell biologists because
of their essential roles in plant cell growth
and development. However, it has been
challenging to understand spatial and
temporal coordination of these pro-
cesses. In this issue of Developmental
Cell, Ambrose et al. (2013) present
evidence that the microtubule (MT)
cytoskeleton regulates PIN2 auxin trans-
porter trafficking and stability via inter-
action between the MT binding protein
Cytoplasmic Linker Associated Protein(CLASP) and the retromer component
Sorting Nexin1 (SNX1).
Auxin regulates pattern formation,
growth, and development in plants. The
direction of auxin transport is maintained
by membrane-localized transporters
such as PINs, which undergo constitutive
endocytic recycling to the plasma mem-
brane (PM) or trafficking to the vacuole
for degradation. In this manner, endo-
membrane trafficking can affect the
abundance of PINs at the PM and, thus,
auxin transport. The microtubule cyto-
skeleton serves as an essential element
for secretory vesicle transport andorganelle movement. This is especially
important in plants where, for example,
microtubules guide the directionality of
cellulose microfibrils synthesized by the
cellulose synthase complex, which is
delivered to the PM in secretory vesicles.
Recent evidence shows that auxin regu-
lates MTs and the actin cytoskeleton
through an ABP1 auxin receptor-medi-
ated ROP signaling pathway (Shi and
Yang, 2011). However, strong evidence
for how MTs could directly regulate
auxin transporter trafficking and thus
auxin signaling was lacking. Using a clasp
mutant combined with cell imaging and4, March 25, 2013 ª2013 Elsevier Inc. 569
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showed that an interaction between
the retromer component SNX1 and
MT-associated CLASP mediates the
regulation of endosomes carrying the
PIN2 auxin transporter by MTs.
CLASPs are MT-associated proteins
that promote microtubule rescue, reduce
microtubule catastrophe, stabilize micro-
tubules, and regulate MT dynamics
(Al-Bassam and Chang, 2011). CLASP-
dependent MTs are involved in Golgi
organization and trafficking (Al-Bassam
and Chang, 2011). Arabidopsis CLASP
has been localized to MT plus ends
and some relatively bright foci that
decorate MTs unevenly (Kirik et al.,
2007). Ambrose et al. (2013) chose a
clasp mutant to study the link between
MTs and auxin transport because
among the many mutants that effect
MTs, clasp displays auxin-related pheno-
types. Using CLASP as the bait in a
yeast two-hybrid library screen, they
identified SNX1 as a CLASP interaction
partner and confirmed the interaction
by bimolecular fluorescence comple-
mentation. The central region of SNX1
was identified as the binding domain for
CLASP interaction.
Sorting Nexins contain a PX domain,
which is responsible for membrane
anchoring by binding to phosphatidylino-
sitides, and a BAR domain that can
form heterodimers or homodimers and
recognize membrane curvature. Sorting
Nexins are components of the retromer,
which is important for cargo recycling
during endosome trafficking (Cullen and
Korswagen, 2012). Arabidopsis SNX1 is
localized to endosomes that carry PIN2
(Jaillais et al., 2006). It is known that
SNX1 promotes the recycling of PIN2
from endosome/PVC compartments to
the plasma membrane (PM) through
the recycling pathway rather than degra-
dation pathway to the vacuole (Kleine-
Vehn et al., 2008). Overexpression of
Arabidopsis SNX2, a homolog of SNX1,
also reduces trafficking to the vacuole
(Phan et al., 2008).
In order to test the effect of CLASP
on SNX1, the authors looked at the local-
ization of the GFP-tagged SNX1 central
region in a clasp mutant background.
Instead of the large puncta seen in wild-
type, this construct showed cytosolic
localization in the mutant background.
When using GFP-tagged full-length570 Developmental Cell 24, March 25, 2013 ªSNX1, the fluorescence intensity is
reduced and the characteristics of SNX1
vesicles—such as the size, frequency,
and shape—are affected in clasp1.
Similar effects on SNX1 were observed
when using high concentrations of
the MT depolymerizing drug oryzalin.
These observations indicate that MTs
are critical to maintain the properties of
SNX1 endosomes and that this might
occur through a CLASP-related subset
of MTs.
In order to test the association between
SNX1 and CLASP at the cellular level,
the authors examined the colocalization
of SNX1 and MTs and of SNX1 and
CLASP. SNX1 vesicles are associated
with MTs and there is overlap between
SNX1 and CLASP in filamentous struc-
tures in leaf epidermal cells of the guard
cell lineage and new cell edges where
CLASP expression is high. When treated
with taxol, CLASP and SNX1 colocalize
at MT bundles in hypocotyl cells; time
series image analysis also revealed
that the majority of SNX1 vesicles are
associated with CLASP in root cells.
The authors then tested further the
dynamics of the association between
SNX1 vesicles and CLASP. SNX1 vesicles
formed clusters around CLASP instead
of random association. Thus, at least
in certain special cell types and
under some conditions such as taxol
treatment, SNX1 and CLASP are closely
associated.
Since PIN2 is transported through
SNX1-containing endosomes, the
authors tested whether CLASP affects
PIN2 trafficking. In the clasp mutant,
PIN2 protein level is reduced and traf-
ficking to the vacuole is enhanced, which
is similar to PIN2 phenotypes in a sorting
nexin1 (snx1) mutant (Kleine-Vehn et al.,
2008). This indicates that CLASP is
involved in PIN2 recycling, likely via the
SNX1 retromer machinery. When oryzalin
was used to remove CLASP-dependent
MT bundles, PIN2 accumulated in
prevacuolar compartments, indicating
enhanced vacuole targeting and degra-
dation. Reproduction of a PIN2 pheno-
type by disrupting CLASP-dependent
MTs shows that MTs are directly involved
in PIN2 trafficking. Consistent with
altered trafficking of PIN2, a claspmutant
shows altered auxin response, including
reduced sensitivity to both the naturally
occurring auxin indole-3-acetic acid2013 Elsevier Inc.(IAA) and treatment of the auxin transport
inhibitor N-1-naphthylthlamic acid (NPA),
as well as ectopic accumulation of auxin
and callus formation in absence of
hormone.
Overall, Ambrose et al. (2013) demon-
strate that CLASP is a vehicle that SNX1
endosomes use to hitch a ride on MTs
to increase the odds of staying close
to the PM for recycling. This work also
opens up avenues to reveal the mecha-
nisms of MT cytoskeleton regulation of
auxin signaling. Since the central region
of SNX1 is responsible for CLASP
binding, it will be informative to examine
the effects of deletion of the CLASP-
binding central region. One can ask
if SNX1 is still functional and correctly
localized and whether the vesicles are
still clustered around CLASP. At the
cellular level, endosome localization of
SNX1 is dependent on the lipid-binding
property of the PX domain, where a
similar diffuse pattern of SNX1 was seen
in mutated forms of SNX1 that lack lipid-
binding activity (Pourcher et al., 2010).
It would be informative to test the
relationship between the PX domain
and CLASP binding for SNX1 endosome
targeting, although both are likely
required.
A recent search of the CLASP interac-
tome in Drosophila (Long et al., 2013)
using single-transposon insertion strains
covering nearly half of the fly genome
uncovered groups of CLASP-interacting
proteins involved in cytoskeleton, sig-
naling, and translation, but did not identify
Sorting Nexin. It will be interesting to
test whether CLASP-SNX interaction is
specific for plant systems and is related
more specifically to auxin hormone
regulation. However, given that SNX1
is a component of the general traffic-
king machinery, it seems unlikely that
PIN2 is the only cargo that depends on
the SNX1-CLASP interaction for traf-
ficking. It could be that PIN auxin
transport couples this interaction to the
trafficking and recycling of other impor-
tant components of plant growth and
development such as the enzymes
and substrates for cell wall biosynthesis
and lipids for membrane expansion.
Opening up more questions, this work
shows beautifully how MT dynamics
and organization are coupled to essen-
tial phytohormone signaling during plant
growth and development.
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